In intact Ehrlich ascites-tumour cells the rate of protein synthesis is decreased by over 6096 in the absence of a single essential amino acid (van Venrooij et al., 1972) . This effect is due largely to an inhibition of polypeptide-chain initiation, and is associated with polyribosome disaggregation and a decrease in the number of Met-tRNAme-40 S subunit initiation complexes (Pain & Henshaw, 1975) . Cell-free extracts prepared from control and lysinedeprived cells show some of the characteristics of the cells from which they were derived. Protein synthesis in starved-cell extracts is decreased by up to 75% relative to that in fed-cell extracts. Starved-cell extracts also have a diminished ability to form initiation complexes between 40s subunits and Met-tRNAme. This defect is abolished by addition of highly purified initiation factor eIF-2 (Pain et al., 1980; Clemens et al., 1980) . It has been suggested (Vaughan & Hansen, 1973; Kyner el al., 1973) that the inhibition of polypeptide-chain initiation seen in cells deprived of amino acids may be due to increases in the concentrations of deacylated tRNA species.
To test whether. increased concentrations of deacylated tRNA could directly inhibit polypeptide-chain initiation, the effect of adding periodate-oxidized tRNA (which cannot be charged with amino acids) to cell-free extracts from Ehrlich ascites-tumour cells was examined.
Cell-free extracts from Ehrlich ascites-tumour cells were prepared, and analysis of labelled initiation complexes by sucrose-gradient centrifugation was performed as described by Pain et al. (1980) . Deacylated calf liver tRNA was subjected to periodate oxidation as described by Vaughan & Hansen (1973) .
Addition of deacylated oxidized tRNA to cell-free extracts From Ehrlich ascites-tumour cells in the presence of 1 mMemetine to prevent polypeptide-chain elongation causes only a 10-2096 decrease in the concentration of Met-tRNAmet-40 S subunit initiabon complexes, at concentrations between 20 and 1OOpg of added tRNA/ml ( Table 1) . This small inhibition is not concentration-dependent. A much greater effect is seen on Met-tRNAme-80S ribosome initiation-complex formation. Addition of 20pg of deacylated tRNA/ml causes an 85% decrease in the concentration of Met-tRNAMet-80 S ribosome complexes. At higher concentrations of added tKNA Met-tRNAmet-80S ribosome complexes are completely abolished (Table 1) .
Addition of deacylated oxidized tRNA to cell-free extracts in the absence of emetine, where protein synthesis is occurring, causes an accumulation of Met-tRNAme-40S subunit initiation complexes. This implies impairment of a stage after MettRNAWCt-40S subunit initiation-complex formation, possibly 40s subunit-60s subunit joining. However, h this situation the concentrations of complexes seen just reflect the balance between their rate of formation and their rate of utilization, and the results are more difficult to interpret than those of experiments performed in the presence of an inhibitor of elongation.
We have shown that concentrations of deacylated oxidized tRNA in the range 20-100pg/ml cause only a small decrease in the Concentration of Met-tRNAwd-40S subunit initiationcomplex formation. Since the concentration of Met-tRNAme-4 0 s subunit initiation complexes in extracts from lysinedeprived cells is decreased by up to 77% compared with that in extracts from control cells (Pain et al., 1980; Clemens et al., 1980) , the small decline in initiation complexes seen with deacylated tRNA is not enough to account for the differences between fed-cell and starved-cell systems. It would seem therefore that an increase in the concentration of deacylated tRNA after amino acid deprivation is not the direct cause of the inhibition of this step of polypeptide-chain initiation in Ehrlich ascitestumour cells under these circumstances.
Deacylated tRNA is strongly inhibitory to Met-tRNAmet--8 0 s ribosome initiation-complex formation. This effect may be due to impairment of the conversion of Met-tRNAm"-40S subunit initiation complexes into Met-tRNAmet-80S ribosome initiation complexes or to a destabilization of the latter complexes. The accumulation of Met-tRNAmet40S subunit initiation complexes seen in the presence of deacylated tRNA under protein-synthesis conditions is consistent with the former model. These results are also in agreement with the findings obtained by Kyner et al. (1973) , who reported an inhibition of Met-tRNAmd-80S ribosome initiation-complex formation by uncharged tRNA in a fractionated cell-free system. As deacylated tRNA is unlikely to be directly responsible for the inhibition of polypeptide-chain initiation at the stage of Met-tRNAme40s subunit initiation-complex formation, the mechanism by which this part of the protein-synthesizing machinery of Ehrlich ascites-tumour cells recognizes the lack of one amino acid remains to be elucidated. Table 1 , Effect of deacylated oxidized tR NA on initiation-complex formation in extracts from Ehrlich ascites-iumour cells Cell-free extract from Ehrlich ascites-tumour cells was incubated for 7.5 min with 1 mwemetine and increasing concentrations of deacylated tRNA at 3OOC. I 3sS1Met-tRNAme' (72 000c.p.m./incubation) was added and the incubation was continued for a further 2min at 3OOC. The samples were rapidly cooled and layered on to 5ml 20-5096 sucrose gradients. Centrifugation was for 2.75h at 234000g, and the gradients were then fractionated, the fractions precipitated and the radioactivities determined rn described in Pain et af. (1980 , 1980) . After rapid cooling and two washes in buffered 140mh1-KCI the cells were lysed by homogenization, and 20000g supernatants were prepared. These extracts were used for the measurement of endogenous mRNA-directed incorporation of radioactive amino acids into protein and for assays of Met-tRNAw*-40S subunit initiation-complex formation after a 2min incubation with [35Slmethionine. Use of the antibiotic edeine or of homopolynucleotides, which inhibit polypeptide-chain initiation in vitro (Obrig et al., 197 1; Pain, 1973) , indicates that up to 60% of protein synthesis in these extracts is due to initiation of new polypeptide chains. After correction for differences in the specific radioactivities of radioactive precursors between extracts from fed and starved cells, it is apparent that lysine deprivation causes a substantial decrease in protein synthesis, reflecting both the completion of fewer pre-existing polypeptide chains and less initiation of new chains in the cell-free system.
Estimation of the concentration of native Met-tRNAwN-40S subunit initiation complexes after centrifugation of extracts on sucrose density gradients indicates that amino acid starvation of the intact cells impairs the accumulation of these complexes by up to 75%. The mechanism by which this occurs is still under investigation, but we have been able to eliminate some obvious possibilities. Mixing experiments with extracts from fed cells and starved cells have not indicated a dominant inhibitor of Met-tRNAwN-40S subunit initiation-complex formation in the latter. Also, the missing amino acid itself does not directly control initiation, at least in vitro, since adding it to a starved cell extract has no effect.
We have examined the role of two of the eukaryotic polypeptide-chain initiation factors in the regulation of MettRNAwN-40 S subunit initiation-complex formation by amino acid supply. Addition of initiation factor eIF-3 (approx. 80% pure) stimulates the binding of Met-tRNAwN to 4 0 s subunits up to 3.5-fold in extracts from both fed cells and starved cells (Table l) , but does not eliminate the difference between the two types of extract. In contrast, exogenous initiation factor eIF-2 (approx. 95% pure) has no stimulatory effect in fed-cell extracts, but enhances Met-tRNAwN-40S subunit initiation-complex formation up to 3-fold in the starved-cell systems (Table 1) . Factor eIF-2 thus eliminates the difference between extracts of fed cells and starved cells. Similar results were obtained when the effects of factor eIF-2 on protein synthesis in vitro were assayed in the two cell-free systems.
These findings implicate initiation factor eIF-2 as the rate-limiting step in polypeptide-chain initiation under conditions of nutritional deprivation. However, the mechanism by which the activity of the factor is modulated, e.g. by phosphorylation with a specific protein kinase, remains to be established.
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